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Purpose. Investigation of the effect of surfactants on the concentration of fine-dispersed dust fractions in the air space of
the working area and the character of destruction of a coal-rock massif by the explosion energy to develop an environmentally
friendly way of driving mine workings in coal and ore mines.

Methodology. A few series of experimental studies have been conducted in the laboratory conditions to evaluate the ef-
fect of surfactants on the concentration of fine-dispersed particles in the air environment as well as the nature of the hard rock
and coal destruction caused by the explosion energy by using the developed method of simulation and the test bed for its im-
plementation. With the help of the optical method and the test bed including a polarizing microscope and an integrator, the
microstructure and the granulometric composition of the rock and coal dust particles, saturated with surfactants, have been
studied.

Findings. The experimental studies were presented assessing the effect of surfactants on the concentration of fine-
dispersed particles in the air environment as well as the nature of the hard rock and coal destruction caused by the explosion
energy. Processing and analysis of the destruction products by using an optical method made it possible to establish that frag-
ments of the smallest particles, for example, of solid fine-grained sandstone (/=14—15), selected from the main coal seam of the
roof C,, when sinking the precast drift No.110U (PSP “Dniprovska mine”, DTEK “Pavlogradugol”) and of the processed surfac-
tant represented by rounded quartz grains (90-99%) as well as of the unprocessed ones — in the form of acute-angled frag-
ments. According to numerous measurements of the fine-dispersed particles in the destruction products of solid sandstones
and coal, processed with 10% solutions of sodium bicarbonate (NaHCO;) and soda ash (Na,CO;), as well as with magnetized
water and lime milk, their granulometric characteristics, such as median and quartile sizes, sorting and asymmetry coefficients
have been established. Numerical concentration values of dust fractions in the air space depending on the type of a surfactant
have been calculated.

Originality. Having used the developed method for modeling rock destruction, for example sandstones and coal pro-
cessed by surfactants, it has been found that the average size of fracture particles of 0—100 microns increases 1.2-1.9 times. In
the destruction products of coal samples, processed with lime milk, the fragments of quartz are absent but they are present in
the amount of 0.5-1.5% in the coal unprocessed with surfactants. The concentration of such dust particles in the air space de-
creases almost 2 times due to the rapid sedimentation under the influence of gravitational forces. Taking into consideration the
energy indexes of destruction by the explosion energy of the coal-rock massif processed by surfactants will allow us to ground
the rational parameters of the new method for driving mine workings.

Practical value. The use of the proposed mechanism of softening a coal-rock massif under the action of surfactants will
make it possible to develop new environmentally friendly ways of driving mine workings in the coal and ore mines.
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Introduction. Development of a coal-rock massif in
deep horizons of mines is complicated by the following
factors. An increase of hardness (strength) of carbonaceous
rocks is connected with the processes of lithification, dia-
genesis, petrographical composition change, in particular,
the prevalence of quartz-bearing rocks, as well as the struc-
tural changes occurring in the enclosing coal strata under
the influence of lithostatic pressure, namely: cataclase, in-
cluding crushing, granulation and cracking of separate
mineral grains or of local zones within the unit. When min-
ing mineral resources using the explosion energy (drivage
of capital and preparatory workings in a coal-rock massif),
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this factor leads to the formation of fine quartz (silicosis-
hazardous) dust due to numerous defects (micro-cracks)
found in the structure of the quartz grains at the contact
“explosive — rock” [1] as well as of the pneumaconiosis-
hazardous dust under the dynamic action on the coal bed.
Thus, with an increase of the depth of the coal-rock
massif development, the cumulative effect of the above-
enumerated factors leads to the growth of dust and gas con-
tamination of the mine atmosphere and at the same time to
the significant worsening of miners’ working conditions.
The main sources of dust formation under the develop-
ment of a rock massif in deep mines are drilling, blasting
and loading operations, which respectively account for 50—
60%, 30—40% and 10% of the dust formed in mine workings.
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Dust suppression during drilling operations is currently
carried out by the use of lateral and central flushing, and du-
ring loading operations — by the widespread irrigation of the
broken rock. As for the blasting operations, the only anti-
dust measure used in practice is active ventilation of the
face. However, ventilation alone cannot serve as a radical
means of dust control in mine workings.

In our opinion, the new perspective way to reduce the
dustiness of the mine atmosphere is the use of the methods
of explosive destruction, based on the purposeful reduction
of the strength of the medium at the contact “explosive —
rock”, “rock cutting tool — rock” under the influence on the
destroyable polymineral medium of surfactants.

The analysis of the studies carried out earlier. In the
works [2-5], the results of studies on the destruction of rocks
saturated with different types of surfactants have been pro-
vided. In particular, they give a detailed description of the
kinetics of saturation of a rock massif with surfactants, the
action of which is based on the adsorption decrease of the
surface energy, which facilitates the formation of cracks.
Also it has been shown that saturation of a destroyed medi-
um with active solutions is determined by the activity and
the nature of the porosity of rocks, their initial moisture con-
tent, the type of a surfactant solution, the stressed state of a
massif and others. In addition, these works investigate the
possibility of directional changes in the properties of the
rock by saturating the medium destroyed by an explosion
with the surfactant — the solution of SARMA, the chemical
composition of which is not shown. Due to the reduction of
the surface energy at the contacts of mineral grains under
the action of the given surfactant, the strength of the rock
decreases and the efficiency of their fragmentation by the
explosion energy increases due to the purposeful change of
the properties of the destroyed medium. It should be noted
that these works do not study the mechanism of destruction
of the polymineral medium, weakened by the influence of
surfactants at the contact “explosive — rock”, i.e. the data on
the effect of surfactants on the mineral components forming
the rock are absent.

Meanwhile, according to the experimental studies re-
flected in the work [5], the action of alkali, for example, of
Na,CO;, decreases the strength of quartz 2 times. Thus, the
use of the alkaline solutions in our experiments as surfac-
tants makes it possible to reduce the strength of the quartz-
bearing rocks in particular sandstones and consequently to
modify the mechanism of their destruction by explosive
loads.

Purpose — to investigate the effect of surfactants on the
concentration of fine-dispersed dust fractions in the air
space of the working area and the character of destruction of
a coal-rock massif by the explosion energy to develop an
environmentally friendly way of driving mine workings in
the coal and ore mines.

Research tasks. To achieve this goal the following
tasks have been planned and accomplished:

— To study the petrographical composition of a rock
massif by using the microscopic method.

— To conduct a laboratory investigation of the character
of destruction of rock and coal samples saturated with sur-
factants, by the explosion energy.
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— To establish the basic granulometric characteristics,
the mineral composition of fine-dispersed products of rock
and coal destruction as well as the concentration of dust par-
ticles in the air.

— Using the optical method to study the shape of newly
formed particles of rock and coal samples destroyed by the
explosion as well as to conduct the comparative analysis of
granulometric characteristics of fine-dispersed fractions to
determine the features of destruction of a coal-rock massif
saturated with different surfactants.

The methodology and results of the studies. To study
the effect of the surface-active agents (surfactants) on the
nature of destruction of the rock massif, the samples of
rocks and coal having various degrees of diagenesis and
coalification were selected in different regions of the Do-
netsk coal basin — Western Donbas, Central and Eastern
Donbas.

In our paper, we present the results of the studies carried
out on the samples of strong fine-grained sandstone and coal
selected from the coal-rock massif of the mine PSP “Dni-
provska mine” (“DFEK Pavlogradugol”). The coal samples
of the strength /= 2-3 by Protodjakonov M. scale were sele-
cted from the coal bed ¢5 , and the samples of dark gray fi-
ne-grained sandstone of the strength /= 14-15 by Protodja-
konov M. scale — from the main roof of the coal bed ¢,
which was opened by the working in the direction of the
collecting haulage drift Ne110U (PCZ-picket).

From the rock samples with the size of the rib ~350—
400 mm, the models of a cubic form with the size of the rib
40+2 mm (3 models for each series) were cut by means of a
diamond disc. In all the models, in the center of the facet
(2/3 of its height) a blast cavity with a diameter of 5 mm was
drilled, and around it, at a depth of 0.5 of the height of the
model’s facet the cavity imitating the face of the working
with a diameter of 25 mm was drilled by the diamond crown.
Besides, on these samples the cuts of 1.5 mm thick were ma-
de, from which petrographical sections for the study under
the microscope of the mineralogical composition and struc-
ture of rocks destroyed by the explosion were made.

The study of the mineralogical composition and the
structural features of dark gray sandstone, selected at the
PSP “Dniprovska mine” (“DFEK Pavlogradugol”), revealed
that its main minerals are represented by clastic quartz — 30—
40% and fragments of feldspar (mainly fragments of acid
plagioclase) — 50-55%. Secondary minerals are represented
by clay minerals of kaolinite group, montmorillonite and
mica — 5-10%. The degree of rounding the fragments consti-
tutes 1-2 points (angular and rounded-angular). The correla-
tion of the types of cement (cement of contact and cement of
regeneration) is about 1:1. The rock structure is fine-grained,
the size of grains varies from 10 to 1000 microns (fig. 1).

The high content of quartz in sandstones indicates that
under their destruction by the dynamic loads (impact, explo-
sion) a great amount of silicosis-dangerous fine dusts can be
formed.

Coal seams of the mine “Dniprovska” are mainly repre-
sented by the coal of grade “G”. The microstructure of the
coal is characterized by the alteration of flat-lying ingredi-
ents of the coal matter — vitrain, fusain, clarain and durain —
i.e. micro stratums of the capacity reaching from 0.5-1.0 to
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1.0-3.0 mm. The micro stratums are divided by three sys-
tems of mutually perpendicular visible microcracks (natural
surfaces of weakening the structural connections in the coal
matter) into the fragments ranging in size from 50x50 mi-
crons to 100x100 microns.

Fig. 1. The microphotograph of dark-gray sandstone. The
section is transparent, an increase of magnification —
96, passing polarized light (1 division of the measur-
ing scale is 10 microns)

The prepared samples of the experimental series were
placed for 24 hours in various surfactant solutions. Such al-
kaline solutions were used as surfactants: 10% sodium hy-
drogen carbonate (NaHCO); 10% solution of soda ash
(Na,CO;) and lime milk usually received by the dilution of
one part of the burnt lime in 9 parts of water. In addition,
one series of the experimental samples was saturated with
magnetized water, prepared by passing the water through
the normal household magnetizer. Control samples not sub-
jected to the action of surfactants for 24 hours, were dried in
the laboratory oven at a temperature of 50°C.

Then, a small charge of the high explosive PETN which
were determined in the experimental way was placed in the
explosive cavity of the model. The mouth of the charging
cavity was sealed by stemming from the fine sand. Then the
samples were put in a special explosion chamber [6] (fig. 2),
the inner surface of which was lined with vacuum rubber.
This camera was placed inside a semi-hermetic laboratory
stand located on a special ground. On the top cover of the
chamber, where allonges were fixed in the holes, clean fil-
ters AFA-VP, weighed on the analytical scales, were in-
stalled and the data on them were recorded in the journal of
ex-perimental studies. Then the airline was formed by con-
necting with tubes the allonges, the filters, the electric aspi-
rator EA-30 as well as the commutation of the explosive
network and then an explosion of charges was performed
with a blasting machine. After the explosion of the charge,
the elektro-aspirator EA-30 was included in the model and
within 30 minutes pumping of dusty air through the filters
AFA-VP was carried out. After finishing the experiment, the
filters were removed from the allonge, weighed on the la-
boratory’s analytical scales and the data entered into the
journal of experiments. Evaluation of the concentration of
fine particles in the air medium was carried out by using a
gravimetric method according to the formula

C=1000P,/Q, (1)
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where Pp = (m;-m,) — mass of the dust deposited on the filter
after aspiration of the dusty air, mg/m3; m,, m, — mass of the
filter before and after aspiration of the dusty air, mg; O, =gr—
volume of the air, m*; g — productivity of the electrical as-
pirator EA-30 (30 I/min); z — time of aspiration, min.
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Fig. 2. The scheme of a laboratory stand for modeling the
explosive destruction of rocks: 1 — a bunker; 2 — a plat-
form for the samples and equipment; 3 — an explosion
chamber); 4 —a model; 5 — a cavity of a working, 6 —
an explosive charge; 7 — tamping; 8 — a cover of the ex-
plosion chamber; 9 — holes for allonges, 10 — allonges;
11 — filters AFA-VP; 12 — connecting tubes for pumping
dusty air; 13 — a device for pumping dust (electric aspi-
rator EA-30); 14 — an explosive network; 15 — a device
for initiating explosive charges

The calculation results are presented in the form of de-
pendences of the dust concentration on the type of the sur-
factant used to process the models of sandstone and coal
(they are shown in fig. 3).
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Fig. 3. The effect of types of surfactants on the concentra-
tion of dust particles in the air space of the explosion
chamber

The analysis of the histogram provided in fig. 3 shows
that by using the surfactants for processing the rock, hazard-
ous on a dust factor (silicosis and pneumaconiosis), under
their dynamic (explosive) destruction the concentration of
fine-dispersed dust fractions in the air space of the explosion
chamber is reduced almost twice.
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Then, the destruction products were removed from the
explosion chamber and divided into fractions by scattering
them on a laboratory sieve with a size of cells from 50 to 400
microns, and the weight of each fraction was determined.
The granulometric composition of the smallest dust frac-
tions (of 0-100 microns) was further studied with the help of
the polarizing microscope MP-2, equipped with lenses pro-
ducing an increase of 20x and 40x, the integration table ISA
and 8x oculars. This allowed determining the sizes of indi-
vidual particles of the broken rock (grains and their frag-
ments, mineral aggregates, etc.) within the accuracy of up to
1 micron under an increase of 240x or 480x. In addition,
when increasing the magnification up to 480x it became
possible based on characteristic optical constants to deter-
mine the mineralogical composition of dust-like fractions of
sandstone and to analyze the shape of the particles for-med
during the destruction of samples from a coal-rock massif.

Data on microgranulometry were processed by the me-
thod of approximation of experimental curves to two-para-

meter dependencies by using the standard program in the
BASIC language. According to the sieve analysis, the histo-
grams of fractional composition of the dust fraction (0-100
microns) were built in the automatic regime and the basic
parameters of granulometry were determined: the average
diameter of grains — d,,, their median size — Md, quartile size
0ys and O»s, coefficients of uniformity of crushing — S, and
asymmetry — S, calculated by the formulas

Sy = \/Q75 ! Qs ’ (2)
Sy :(Q75‘Q25)/Md2‘ (3)

Below are the results of experimental studies on the de-
struction of the samples of sandstone and coal, weakened by
the influence of surfactants.

Sandstone. Granulometric characteristics of the prod-
ucts of explosive destruction of sandstone saturated with
various surfactants are shown in the table 1.

Table 1

Granulometric characteristics of the explosive destruction of sandstone products processed by surfactants

. Median and Quartiles, microns
Surfactant d,y, microns Wd Ons Ors So Sy
Dry samples 10.09 1.23 3.60 0.19 2.97 0.98
Magnetized water 12.32 1.96 5.65 0.66 2.94 0.98
10% solution of NaHCO4 13.43 2.12 8.57 1.03 2.90 0.97
10% solution of Na,COj; 19.64 5.11 14.64 1.74 2.91 0.97
Lime milk 17.36 4.56 12.94 1.57 2.92 0.98

The analysis of granulometric characteristics of the de-
struction products, weakened by the influence of surfactants,
shows that magnetized water (pH = 7) does not significantly
affect the nature and mechanism of the explosive destruc-
tion of the given polymineral rocks. Perhaps under the ac-
tion of the magnetized water some reduction in the strength
of the sample occurs — in the character of destruction it is
displayed in the slight increase of the average diameter of
fine-dispersed particles (about 15-17%) in comparison with
the fine-dispersed of dry (control) samples. In the products
of sandstone destruction (fig. 4) the fine-dispersed fraction
(0-100 microns) is presented by the exclusively acuteangled
fragments of mineral quartz (90-95%), which suggests that
destruction of the given rock by explosive loads mainly oc-
curs by numerous defects in the grains of quartz.

Fig. 4. The microphotograph of acute-angled fragments of
quartz particles in the products of the explosive de-
struction of hard sandstones. An increase in magnifi-
cation — 240x (1 division of the measuring scale is
5 microns)
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These defects are observed in the field of vision of the
microscope in the form of the strips of gas bubbles — planes
of gas-liquid inclusions (GLI).

This fact is confirmed by the assessment of the newly
formed fragments by the degree of their roundness. It is in
the range of 0—1 points (acute-angled and angled), while ini-
tially (in the section) the degree of roundness of mineral par-
ticles composing the sandstone, is 1-2 (angular and round-
ed-angular).

Saturation of the sandstone samples with the 10% solu-
tion of sodium bicarbonate (NaHCO;) leads to the fact that
the character of the polymineral rock destruction changes
under the action of explosive loads.

In particular, the average diameter of fine-dispersed dust
fractions of 0-100 microns increases 1.33 times (compared
with dry samples). The morphological study of the frag-
ments under the microscope showed that the newly formed
surfaces at the contact “explosive — rock” are formed both at
the contacts of grains of minerals and the defects of their
structure (the GLI planes in the grains of quartz and the
cleavage planes in the grains of feldspars) and in the ratio of
the contact “grain — grain” the GLI plane is about 4 to 1.

Under the action of the 10% solution of soda ash
(Na,COj;) on the strong sandstones, the nature and mecha-
nism of the explosive destruction of the polymineral rocks,
containing about 40% of clastic quartz in its composition,
varies considerably. The average diameter of the fine-
dispersed particles increases almost twice: 10.09 microns —
dry samples, 19.64 microns — sandstone samples processed
with the soda ash solution having a much stronger alkaline
reaction compared with the sodium bicarbonate solution.
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The morphological analysis of the fine-dispersed fraction of
0-100 microns, performed under the microscope at an in-
crease of magnification of 480x, helped to establish that the
newly formed by the explosion planes develop only on the
contacts of grains.

Coal. The exposure of magnetized water and lime milk
to the 10% solutions of NaHCO; and Na,CO; leads to an in-
crease of the mean diameter of the fine-dispersed products
of the explosive coal destruction (the fraction is of 0-100
microns) 2 times on average as compared with the unpro-
cessed surfactant samples (fig. 5). At the same time the
chemical composition and pH of the solutions do not affect
the size of dust particles (table. 2).

In this case, apparently, the effect of P.A. Rebin-
der is displayed [5], which causes the adsorption reduc-
tion of the coal strength at the expense of decreasing the

interfacial surface at the penetration of solutions into mi-
crocracks.

It should be noted that in the pulverized destruction
products of the coal samples processed by magnetized water
and also 10% food and soda ash solutions, in a minor
amount, the fragments of quartz grains which usually do not
exceed 1-3% (fig. 6, @) are present.

In the products of the explosive destruction of coal pro-
cessed with lime milk, the quartz grains are absent (fig. 6,
b). In this case, the mineralogical composition of the coal
destruction products can be explained by the fact that under
a high temperature of the explosion of the charge, lime milk
is converted into mixtures of calcium oxides and calcium
carbonate, which reacting with the fine-dispersed particles
of quartz, form calcium silicates in the form of large, fast
settling units under the influence of the gravitational forces.

Fig. 5. The microphotograph of fragments of the smallest particles in the products of explosive destruction of the coal se-
lected from the coal seam ¢ of the Dniprovska mine in dry samples (a) and after the effect of surfactants (b). An in-

crease of magnification 240x (1 scale division is 5 microns)

Table 2
Granulometric characteristics of the explosive destruction of coal products processed by surfactants
. Median and Quartiles, microns
Surfactant d,,, microns M Ore Or So Sy
Dry samples 14.93 3.29 9.24 1.14 2.85 0.95
Magnetized water 29.40 15.41 34.35 5.81 2.43 0.84
10% solution of NaHCO4 29.47 15.52 34.70 5.85 2.44 0.83
10% solution of Na,CO, 29.84 15.69 34.87 5.92 2.42 0.84
Lime milk 30.67 16.12 35.85 6.17 243 0.84

Fig. 6. The microphotograph illustrating the presence of quartz (Q) in the pulverized destruction products of the coal bed ¢

(a) before and after their processing with lime milk (b). An increase of magnification 240x (1 scale division is 5 microns)
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Conclusions. Under the explosive destruction of the sa-
mples of strong dark gray sandstone and coal selected from
the Dniprovska mine (PJSK “DFEK, Pavlogradugol”), with
the purposeful reduction of their strength by saturating them
with surfactants, having an alkaline reaction, the following
conclusions were made.

In sandstones unprocessed with surfactants the newly
formed fracture surfaces are mainly formed by the defects in
the structure of quartz within the grain.

In sandstones saturated with alkaline solutions of sur-
factants, where the content of the mineral quartz exceeds
40%, the change in the failure mechanism takes place at
the micro level, while the newly formed surfaces are
formed at the contacts of quartz grains with other rock-
forming minerals.

With a decrease in the strength of sandstone and coal,
due to the action of surfactants, the average diameter of
fine particles formed at the contact “explosive — rock”
increases.

When saturating coal with lime milk, in the destruction
products the diameter of fine particles increases and, more-
over, the fragments of quartz grains are absent.

Thus, to reduce the strength of a coal-rock massif, the
most effective surfactants, as it was established by our stu-
dy, are soda ash for hard rock and lime milk for coal.

Therefore, the change of the mechanism of the coal-rock
massif destruction promotes the reduction of the depend-
ence of the personnel on the occupational diseases such as
silicosis, anthracosis, pneumaconiosis and pulmonary fibro-
sis. This is achieved at the expense of rapid settling of dust
particles under the influence of gravitational forces as well
as concentration of quartz-bearing dust fractions in the at-
mosphere of the mine working formed under the explosive
breaking of rocks. The use of such approaches contributes
greatly towards safety of mining operations. It is the basic
requirement for the development of resource-saving and en-
vironmentally friendly ways of breaking hard and tense
rocks by the explosion when driving mine workings in the
coal and ore mines.
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Ilar. Ne 91043 Vkpaina MIIK F42D 3/04 Crioci6 mojie-
JIIOBaHHS BHOYXOBOTO pYHHYBaHHsI TIpCBKHX TOpijy /
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Mera. JlociifkeHHSI BIUIMBY HOBEPXHEBO-aKTHBHUX
peuoBuH (ITAP) Ha KOHIICHTPAIlO0 APIOHOANCIEPCHUX IH-
JoMoiOHUX (hpaKiiil y MOBITPSHOMY IIPOCTOPi poOOUOi 30-
HU Ta XapakTep pyHHYBaHHS BTJICTIOPOHOTO MacHBY €He-
prieto BHOYXyY I pO3pOOKH EKOJIOTIYHO OE3MeYHOro CIIo-
co0y TIPOXOJIKH TIPHHYMX BUPOOOK Ha BYTUIFHHX 1 PyJHUX
IIaxTax.

Metoauka. [IpoBeneHo JekiIbKa cepiif eKCIiepuMeHTa-
JBHHUX JIOCIDKEHb y J1a0OpaTOPHUX YMOBAax 3 OLIHKH
BIUIMBY [TAP Ha KOHIIEHTpALIIO APiOHOAUCHIEPCHUX YacTH-
HOK y TOBITPSIHOMY CEpPEIOBUIL Ta XapakTep pyHHYBaHHs
MILHUX TIPCBKHX MOPIiZ 1 BYTiuisi BUOYXOM 3a JIOTIOMOTOIO
PO3pO0IIEHOTO CIIOCO0Y MOJIENIIOBAHHSI Ta CTEHAA IS HOro
peanizaiii. 3 BHKOPHUCTAHHSIM ONTHYHOTO METOAY, IO
BKIJIIOYAE TOJBIPU3AMIHHNI MIKPOCKOII 3 IHTETpaTopoM, BH-
BYCHA MIKPOCTPYKTYpa Ta rPaHyJIOMETPUIHHI CKJIa]] IHJII0-
MOJTIOHNX YaCTHHOK TIOPI[T 1 BYTiLIs, HACHICHHX [TAP.

PesyabTaTn. [IpencTaBieHi eKcriepuMEHTAIbHI JTOCTi-
JUKCHHS 3 OIIIHKU BIDIMBY [IAP Ha KOHIICHTpAIIIO JpiOHO-
JIMCTIEPCHHUX YACTHHOK Y TIOBITPSIHOMY CEpEIOBHIII Ta Xa-
pakTep pyHHYBaHHS MIIIHUX TIPCHKHUX TOPIiJ 1 ByTriJuIs eHe-
priero BUOyXy. AHaIi3 NPOAYKTIB PYWHYBaHHS ONTHYHUM
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METOJIOM JI03BOJIUB BCTAHOBHTH, IO YJIAMKH HaHapiOHi-
IIMX YaCTUHOK, HAIIPHUKJIA, MIIIHOTO IPiOHO3EPHHUCTOTO ITi-
CKOBHKa (' =14-15), BiiOpaHOTO 3 OCHOBHO{ TTOKPIBII BYTi-
JIBHOTO TUIACTA o IPH MPOXO/I 30ipHOTO mITpeKy Ne 110V,
[1K3, maxtu ,,J{Hinposceka®, ,,JITEK-TTaBnorpaayriusa i
00poOenux [TAP, mpencTaBieHi KBaplioBUMH 3epHamMu (90
—99%) okpyrioi opmu, a HEOOPOOICHNX — FTOCTPOKYTHAMHU
yIaMKamH. 3a TJaHHMHA MacOBUX BUMIPIOBaHb APiOHOIHCTIE-
PCHUX YaCTHHOK Y MPOAYKTaX PYHHYBaHHS MII[HUX IiCKO-
BUKIB 1 Byrijuis, 00poOienux 10% po3urHaMu OikapOoHaTy
Hatpito (NaHCO;) 1 KaneiHOBaHOI comu (Na,CO;), oMar-
HIYEHOIO BOJIOIO Ta BAIIHSHUM MOJIOYKOM, BCTAHOBJICHI iX
TpaHyJIOMETPHYHI XapaKTEPUCTHKA — MEIIaHHUI Ta KBapTi-
JbHI pO3MipH, KoedillieHT copTyBaHHs Ta acumeTpii. Pospa-
XOBaHI YMCEIbHI 3HAYCHHS KOHICHTpAIlii MUIOOMiOHNX
(hpaxmiif y MOBITPSTHOMY TIPOCTOPi B 3aJI€KHOCTI Biji THITY
3aCTOCOBYBAaHHX TIOBEPXHEBO-aKTHBHIX PEIOBHH.

HaykoBa HOBH3HA. 3 BHKOPUCTAaHHAM PO3pOOIECHOTO
croco0y MOJIeNIOBaHHS PYHHYBaHHS TipCHKUX TOPifd, 00-
pobnennx I1AP, BCTAaHOBJIEHO, IO CepenHii po3mip Jac-
TUHOK (hpakuii 0—100 mxm 30iIbIIyETHCS B 1,2-1,9 pasu. Y
MpOJyKTaX PyHHYBaHHS 3pa3KiB BYriuisi, 00poOJICHUX Ba-
MTHSHUM MOJIOYKOM, BIJICYTHI yJIaMKH KBapily, 10 B KiJIb-
kocti 0,5-1,5%, 3a3BU4aid, NMPUCYTHI B HEOOpPOOIEHOMY
[TAP Byriuwt. KoHneHTpailis Takux MUAIONOAIOHNX YacTHU-
HOK Y MOBITPSIHOMY TIPOCTOPI 3HIKYETHCS Maiixke y 2 pazu
3a paXyHOK IIBHIKOTO OCITaHHS T[] €0 CHJI TpaBiTaIllii.

IpakTuyna 3HaYMMicThb. BUKOpPHCTaHHS 3alpOITOHO-
BAaHOTO MEXaHi3My 3HEMII[HEHHS BYTJICTIOPOJHOTO MAaCHBY
niero [TAP 103BOJTUTH pO3POOHUTH HOBI €KOJIOTTIHO Oe3TedHi
CIOCOOH MPOXO/IKU TIPHIYHNX BUPOOOK HA BYTUIRHUX 1 PY/I-
HUX IIAXTaX.

KuarouoBi cioBa: eyenenopoonuti macus, mMiyHi 2ipcoki
nopoou, 8uOYxoee pyuHy6anHts, nuionodioHi pakyii, nose-
PXHEBO-aKMUBHI petoBUHU

Henw. MccnenoBanue BIUSHUS TTOBEPXHOCTHO-aKTHB-
HbIX BenecTB ([IAB) Ha KOHIICHTPAIMIO MEJIKOIUCIICPCHBIX
MBIIEBUAHBIX (DpaKIMii B BO3IYITHOM MPOCTPAHCTBE pabo-
4eil 30HbI M XapaKTep paspyleHHs yrIeOpOAHOr0 Maccu-
Ba DHEpruei B3pbIBA JIISI Pa3pabOTKH KOJIOTHUECKH 0e3-
OTACHOTO CIMOCO0a TIPOXOJKM TOPHBIX BBIPAOOTOK HA
YIOJIbHBIX U PY/IHBIX IIAXTAX.

Metomuka. [IpoBeneHO HECKOIBKO CEPUIl IKCIICPH-
MCHTAJIbHBIX HCCIICIOBAHHIN B J1a0OPATOPHBIX YCIOBHSX IO
OlLlcHKe BIMsHUS [IAB Ha KOHIICHTPAIMIO MEJIKOHCIIEPC-
HBIX YaCTHIl B BO3IYIIHOW CpEJe M XapakTep pa3pylIicHHs
MPOYHBIX TOPHBIX MOPO/] M YIJISl B3PHIBOM C IIOMOIIIBIO Pa3-
paboTaHHOTO crioco0a MOJCIUPOBAHUS U CTCHAA UIS €ro
peammzanmi. C  HCHONB30BaHUEM OITHYECKOTO METOJIa,
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BKJTIOYAIOIIETO MOJISIPU3AIIMOHHBIA MUKPOCKOI C MHTErpa-
TOPOM, U3y4€Ha MHUKPOCTPYKTYpa U IPAHYIOMETPUUECKUI
COCTaB TBUICBUIHBIX YaCTHYEK TOPOJ W YT, HACKHIIICH-
HbIX [TAP.

Pesyabrarsl. IlpencraBiensl sKCIIepUMEHTANIbHbIE HC-
CIICIOBAHMUS TI0 OIICHKE BIUSHUS [IAB Ha KOHIICHTPAIHIO
MEITKOAVCTIEPCHBIX YacTHYEK B BO3IYIIHOM Cpeae W Xapak-
Tep pa3pyLICHUsS KPETKUX TOPHBIX MOPOJ U YIIIs SHeprueit
B3pbIBa. AHANIN3 MPOIYKTOB Pa3pyIICHUs] ONTHYECKUM Me-
TOJIOM TO3BOJIMJI YCTAHOBUTB, YTO OOJIOMKHU MeTbYalIInX
YaCTHU4YEK, HalpUMep, KPENKOro MEIKO3ePHUCTOro Iecya-
HUKA (f= 14—15), 0TOOpaHHOTO N3 OCHOBHOM KPOBJIX IIJIaCTa
C1o TIpU TIpoxojKe cOopHoro mTpeka NellQY, IMK3, maxThl
LJlHenposckas®, ,,JJITOK IlaBnorpanyroms™ n obpadoraH-
HBIX [TAB, mpe/icTaBIIeHBI KBapIeBBIMHU 3epHAMHU (90—99%)
OKpYTJIOH (hOpMBI, a HEOOPaOOTAaHHBIX — OCTPOYTOIEHBIMH
obomkamu. 1o JaHHBIM MacCOBBIX M3MEPEHUIH MEJTKOINC-
MIEPCHBIX YaCTUYEK B MPOAYKTAX DPA3pPYyIICHHS MPOYHBIX
TIECUYaHUKOB W YIS, 00paboraHHBIX 10% pacTBOpamu
OukapOoHata HaTpus (NaHCO;) M KaJbIIMHAPOBAHHOM COJIBI
(Na,COj3), OMarHU4EHHOM BOJIOH U N3BECTKOBBIM MOJIOUKOM,
YCTaHOBJIEHBI UX IPaHYJIOMETPHUYECKUE XapaKTePUCTUKH —
Me/IMaHHbIH, KBapTUIIbHBIE pa3Mepsbl, KOIQQUIMEHT copTH-
POBKM M acUMMETpHHU. PaccunTaHbl YHCIEHHBIE 3HAUCHUS
KOHIICHTPALIMH THUICBUIHBIX (DPaKIUi B BO3IYIIHOM HPO-
CTPaHCTBE B 3aBHCUMOCTH OT THIIAa NPHMEHSEMBIX MOBEPX-
HOCTHO-aKTHBHBIX BEIIICCTB.

Hayunas HoBu3Ha. C HCIIONB30BaHUS pa3pabOTaHHOTO
croco0a MOJICITMPOBAHMUS PAa3pYIICHHUS] TOPHBIX TTOPOJI, 00-
paboTaHHBIX [TAB, yCTaHOBJIEHO, YTO CPEeTHUI pa3Mep da-
crur ¢pakmmu 0—-100 mxm yBenmmumBaeTcs B 1,2-1,9 pasa.
B npoxykTax paspymieHus o0pasioB yrisg, 00padOTaHHBIX
W3BECTKOBBIM MOJIOYKOM, OTCYTCTBYIOT OOJIOMKH KBaplia,
KoTOpble B KoimuecTBe 0,5-1,5% OOBIYHO MPUCYTCTBYIOT B
HeoOpabotanHOM ITAB yriie. KoHIEHTpaIys Takux Iblie-
BUJIHBIX YaCTUI] B BO3IYLIHOM IPOCTPAHCTBE CHIKAETCSI
TIOYTH B 2 paza 3a cueT OBICTPOro OCEAAHUsI O/ IeHCTBHEM
CHUJI TPaBUTALIUU.

IpakTuyeckass 3HauuMMocTb. lcnonb3oBanue npe-
JIO)KEHHOTO MEXaHW3Ma Pa3yNpOYHEHHs YTIIETIOPOIHOTO
MaccuBa JeiicTBueM I[IAB MO3BONHT pa3paboTaTh HOBEHIC
AKOJIOTMIECKH Oe30TacHbIe CIOCOOBI MPOXOJIKH TOPHBIX
BBIPaOOTOK Ha YTOJBHBIX M PYIHBIX IIAXTaX.

KunroueBble ciioBa: yenenopoousiii maccus, Kpenxue
20pHbLE NOPOObL, B3PBIBHOE PA3PYUICHUE, NbLICSUOHbIE (pa-
Kyuu, NOBEPXHOCMHO-AKMUBHbLE 8eUjecmed
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